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(54) Title: ELECTRICALLY POWERED SURGICAL IRRIGATOR 

(57) Abstract: A surgical irrigator comprises a pumping unit connected to a handpiece by means of elongated irrigation tubing. The 
pumping unit includes an impeller, batteries and a battery powered motor to drive the impeller. The handpiece includes an irrigation 
valve which, when depressed, opens the valve and permits irrigation liquid to flow to the surgical site. A flow sensing device is 
positioned at the outlet of the pumping unit. When the irrigation valve is opened, liquid flow through the flow sensing device under 
the influence of gravity causes a float to move with the liquid. A light source provides a light beam which is interrupted by movement 
of the float. This is detected by a photosensor which generates a signal to turn the motor on, causing the pump to operate. A battery 
isolator switch is provided which interrupts the circuit between the batteries and motor so that the device cannot be turned on during 
transit and storage. A one-way valve connected between the source of irrigation liquid and pump maintains the liquid in the irrigator 
at a pressure above atmospheric when the irrigation valve is closed. The pumping unit includes an inlet which is connected to one 
end of a short flexible tube, the other end of which is connected to a standard spike for connecting the pumping unit to an irrigation 
bag. The pumping unit also includes clips which support the pumping unit on IV pole or the like. The spike is coated with silicone 
which makes it relatively easy to connect the pumping unit to the irrigation bag. 
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ELECTRICALLY POWERED SURGICAL IRRIGATOR 

Background of the Invention 

Today, numerous types of surgical irrigators are used for endoscopic 
surgery. One popular type of surgical irrigator, known as the Hydro-Surg Plus™ 
irrigator, is illustrated and described in Delk et al. U.S. patent No, 5,807,313 which is 
hereby incorporated by reference into this specification. 

The surgical irrigator illustrated in the '313 patent is battery powered. 
It includes a small electrical motor which drives an impeller to force water under 
pressure firom an irrigation bag to a handpiece enabling a surgeon to irrigate a 
surgical site through a wand or probe attached to the han(^iece. In that particular 
case, the handpiece includes suction and irrigation lines which are controlled by 
trumpet valves. When the surgeon actuates the valve for the irrigation line, an 
electrical switch in the handpiece is closed which connects the motor to the batteries 
in the pumping unit, causing the pump to operate. 

In the battery powered irrigators disclosed in the '313 patent and in 
Saravia et al. U.S. patent No. 5,484,402 the pump, battery and motor are retained in a 
housing which is spiked directly into the irrigation bag. The pump outlet is connected 
by tubing to the handpiece. Typically, the tubing is about ten feet long which means 
that the wire which comects the on/off switch in the handpiece to the batteries and 
motor in the housing is also ten feet long. Since there must be two wires, the total 
amoimt of additional wire required to position the switch in the handpiece is in the 
order of twenty feet. This length of copper wire results in a numba: of significant 
drawbacks as follows: 

1 . the wire itself is relatively expensive; 

2. tiie weight of the copper wire adds to the weight of the tubing and, of 
course, the overall weight of the irrigator; 

3 . because the length of the wire is considerable, the added resistance 
diminishes the performance of the pump for a given battery source; and 
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4. the need to accommodate a switch in the handpiece detracts from the 
ergonomic design of the handpiece. 

It is an object of this invention to provide an electrically powered 
surgical irrigator which avoids the above mentioned drawbacks of the prior art. 

A more specific object of the invention is to provide a battery powered 
irrigator in which the switching mechanism for the pump motor is not connected to 
the motor by a substantial length of wire. 

Furthermore, battery powered irrigators are not typically used in 
CTidoscppic procedures where body cavities are distended, i.e. arthroscopy and 
hysteroscopy. The reason is that it is necessary to maintain distension throughout the 
operation. This means that the pump must be on at all times and, very often, the 
battery life is not sufficient. It would be feasible, however, to use a battery powered 
irrigator for these procedures so long as the distension can be maintained when the 
pump is turned off from a lack of flow, for example if the outflow from the knee or 

the uterus is stopped. 

Thus, it is a fiirther object of the invention to provide a battery 
powCTed irrigator which can be used in endoscopic procedures such as arthroscopy 
and hysteroscopy, where body cavities are distended. 

More particularly, it is an object of the invention to provide a battery 
powered irrigator in which the pump is actuated by liquid flow yet which is enable of 
maintaining pressure above atmospheric pressure when liquid flow is stopped. 

Finally, m both of the above mentioned patents, the pumping unit 
includes a spike on its inlet port which is specially constructed so that when the 
pumping unit is attached to a conventional irrigation bag, the entire weight of the 
pumping unit is supported by the spike. Because the weight of the unit is 
considerable, the spike must include special support means such as a rib or it must be 
increased in diameter so as to create a fiiction fit which will support the unit 
Regardless of which technique is used, the modified spike is relatively difficult to 
insert into a standard irrigation bag. 

Accordingly, it is further object of the invention to provide a surgical 
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irrigator in which a pump unit includes an inlet means with a spike which is easy to 
insert into a standard irrigation bag. 

Suuunarv of the Invention 

In accordance with a first feature of the invention, an electrically 
powered irrigation pump includes a pumping unit which is located in the vicinity of 
an irrigation bag and a handpiece connected by irrigation tubing to the pumping unit, 
A flow sensing device, connected at the output of the pumping unit, includes a float 
which moves when the surgeon opens the irrigation valve in the handpiece causing 
liquid to flow from the irrigation bag through the pumping unit. A photosensor 
detects movement of the float from its initial position. When it does so, it causes the 
circuit between the electrical source of power and the motor to close which then 
drives the impeller. When the irrigation valve in the handpiece is closed, the float 
returns to its initial position. This is detected by the photosensor which then causes 
the circuit between the power source and motor to open and the pump is turned off. 

In the preferred embodiment, a one-way valve is placed in the input 
line between the irrigation bag and the pump. The one-way valve permits irrigant to 
flow into the pump but does not allow liquid to flow back into the irrigation bag when 
flow through the system stops, for example, by closure of the irrigation valve in the 
handpiece or by blockage of flow in an arthroscopic or hysteroscopic procedure. Thus 
cavity distension can be maintained in such procedures when flow is stopped. 

In accordance with a further feature of the invention, the pumpmg unit 
includes clips which support the weight of the pumping unit on the IV pole or other 
device which holds the irrigation bag. The pumping unit includes a short flexible 
hose which is connected at one end to the inlet port of the pumping unit and at the 
other end to a conventional spike. The spike is coated with a lubricant such as 
silicone which makes it extremely easy for a nurse or other technician to attach the 
pumping unit to an irrigation bag. 
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Description of the Drawings 

Fig. 1 is a perspective view of an irrigation system in accordance with 

a preferred embodiment of the invention; 

Fig. 2 is an exploded perspective view of a pumping imit in accordance 
with the preferred embodiment of the invention; 

Fig. 3 is a side plan view of the pumping xmit; 

Fig. 4 is a side sectional view along the line 4-4 of Fig. 3; 

Fig. 5 is a top plan view along the line 5-5 of Fig. 3; 

Fig. 6 is a top plan view along the lines 6-6 of Fig. 3; 

Fig. 7 is a sectional view along the line 7-7 of Fig. 3; 

Fig. 8 is a side sectional view of the battery isolator switch; 

Fig. 9 is a top sectional view along the line 9-9 of Fig. 8; 

Fig. 10 is a sectional view along the line 10-10 of Fig. 9; 

Fig. 1 1 is a block diagram showing the control circuitry of the flow 
sensor according to a preferred embodiment. 

Fig. 12 shows a further embodiment of the invention in which a one 
way valve prevents irrigant from flowing into the irrigation bag when the irrigation 
valve is closed; 

Fig. 13 is a side sectional view along the line 13-13 of Fig. 12 showing 
a preferred embodiment of a one-way valve in the closed position; 

Fig. 13A is a side view partially in section showing the one-way valve 

in its open position; 

Fig. 14 is a perspective view of the valve body in accordance with a 

preferred embodiment; 

Fig, 15 is a sectional view along the line 15-15 of Figure 13A. 

Figure 16 is a front view partially in section of a flow-sensing device in 
accordance with a se.cond embodiment of the invention; 

Figure 17 is atop sectional view along the line 17-17 of Figure 16; and 

Figure 18 is a front sectional view along the line 18-18 of Figure 17. 
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Detailed DescriT3tion 

Figure 1 shows the main components of a surgical irrigator in 
accordance with the preferred embodiment of the invention. In this case, the device 
illustrated provides irrigation and suction aad is similar in construction to the 
irrigator/suction device shown in the 313 patent. 

A battery powered pumping unit 10 is detachably secvured at its inlet to 
an irrigation bag 12 (e.g. a saline bag) and, at its outlet, to a handpiece 14 which is 
also comected to a suction line 15. The pumping unit 10 receives irrigation liquid 
through an inlet port 17 which is attached to the bag 12 by means of a short flexible 
tube 13 and a spike 18. In accordance with one feature of the invention, spike 18 is a 
commercially available device and is coated with a lubricant such as silicone so that it 
can be easily spiked, i.e. inserted, into the conventional fitting of the irrigation bag. 
With this arrangement, the frictional force between the spike and bag is so low that it 
is unable to support the weight of the pumping unit 10. Accordingly, the pumping 
unit 10 also includes integrally formed cUps 16 which are adapted to engage the IV 
pole 19 on which the irrigation bag 12 is supported. In use, a medical technician 
attaches the pumping unit to the IV pole 19 before the spike is inserted into the fitting 
of the irrigation bag 12. After the pumping unit and irrigation bag have been attached, 
the device is used in conventional fashion. The flexible tubing 13 is required to 
accommodate a situation in which the pumping unit 10 and bag 12 are not axially 
aligned, which is typical. 

Pumping unit 10 includes a pump head 20 which includes the inlet port 
17 and an outlet port 23 for directing irrigation liquid from the pump through a flow 
sensor 24 and flexible irrigation tubing 26 to the handpiece 14. Handpiece 14 directs 
irrigation liquid to an irrigation site within a patient's body through an elongate wand 
28 that may be advanced to the irrigation site through a laparoscopic cannula. 
Trumpet valves 29 and 3 1 enable the surgeon to selectively couple the irrigation 
liquid or suction source, respectively, to the surgical site. 

The pumping unit 10 is sindlar to the pumping unit described in U.S. 
patent No. 5,807,313 and, accordingly, not all details are described herein, hi addition 
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to the pump head 20, it includes a battery case 28 which holds eight batteries 30 
arrayed around the periphery of the case. The pumping unit further includes a deck 35 
which rotatably supports an impeller 32 within the pimip head 20. A motor 34 is 
attached to the bottom surface of deck 35 by means of screws 36 with its output shaft 
38 extending through the deck and into the impeller 32. When the motor is connected 
to batteries 30, it will drive the impeller to pump irrigation liquid from the inlet port 
17 to the outlet port 23. 

The pumping chamber above deck 35 is sealed from the motor 34 and 
batteries 30 beneath the deck by a sealing gasket 40 and an O-ring 42 which is seated 
in a groove within an upstanding collar 44 on the deck 35. The gasket 40 is retained 
on the collar 44 by means of a seal retainer 46. 

The batteries 30 are connected to motor 34 by five upper contacts 50A, 
B, C, D and E (Fig. 5) and four identical lower contacts 52. As explained in U.S. 
patent No. 5,807,313, the batteries 30 are comiected in series with the motor 34. As 
shown in Figure 2, each of the lower contacts 52 includes two flat discs 52A which 
are connected by a V-shaped coimecting strip, with each of the discs contacting a 
lower terminal of one battery. Eight coil springs 54 at the bottom of the battery case 
apply pressure against the discs 52 A of the bottom contacts 52 so that the lower 
contacts 52 and batteries 30 are spring biased against the upper contacts 50A, B, C, D 
and E. The upper contacts 50C, D and E connect positive and negative terminals of 
adjacent batteries together, but the contacts 50A and 50B are only coimected to one 
battery terminal each. Contacts 5 OA and 5 OB are mounted on a printed circuit board 
(PCB) 53 which is described below. Contacts 50A and SOB are connected by circuit 
traces (not shown) on PCB 53 to the upper ends of two wires 56 which are soldered to 
terminals on the PCB. The other ends of the wires 56 are soldered to the motor 
terminals (not numbered). As shown best in Fig. 6, the batteries are held in place 
within battery case 28 by means of a series of projections 58 and 60 which extend 
upwardly from the floor of the case. The projections 58 each contact two adjacent 
batteries while the projections 60 are in contact with only a single battery. 

In the preferred embodiment of the invention, a battery isolator switch 
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62 is provided to open the circuit between the batteries and motor prior to use, i.e. 
during transit and storage. (Figs. 2 and 8-10) The battery isolator switch 62 includes 
a collar 64,which j5iction£illy retains one of the batteries 30, and a cam 66 on the 
upper surface of collar 64. As best shown in Fig. 8, the collar 64 includes an upper 
plate 65 which has a central opening through which the positive terminal 30 A of the 
retained battery 30 extends so that it can make electrical contact with the associated 
contact 50C when the isolator switch is "on". Cam 66 rides in a circular track (not 
numbered) within the undersurface of the deck 35. The collar 64 and its retained 
battery 30 are rotatable by turning a radially extending actuator arm 68 (see Fig. 6). 
An upward projection 72 diametrically opposed to the cam 66 stabilizes collar 64 
during rotation. 

The groove within the undersurface of deck 35 includes a cam follower 

* 

depression 74. When the switch is "off," i.e. during transit and storage prior to use, 
with the collar 64 rotated to the "off position, the cam 66 does not sit within the 
groove 74 and the terminal 30A of the battery 30 retained by collar 64 is pushed out 
of engagement with the upper contact 50C (Fig. 10). When the actuator arm 68 is 
rotated, cam 66 moves into the depression 74 and the coil spring 54 pushes the battery 
30 into electrical contact with contact 50C. The motor can then be started as 
described below by the flow sensor when the irrigation valve is opened. To turn the 
system "off," the actuator arm 68 is rotated to lift the cam 66 from depression 74, 
pushing the battery terminal 30A away from the contact 50C. 

The flow sensor 24 (Figs. 2 and 4-7) comprises a top shroud 76 and a 
bottom shroud 78 which include mating surfaces that can be sealed in conventional 
fashion. The top shroud 76 serves as an elbow and its upper end is sealed to outlet 
port 23 of the pump. The two shrouds 76 and 78 together serve as a housing for the 
actual detector which includes a bottom sleeve 80 and a top sleeve 82. The upper 
portion of sleeve 80 is enlarged so that it can receive the top sleeve 82. Each sleeve 
80, 82 includes a flat so that the angular positions of the two sleeves is fixed relative 
to each other. Sleeve 80 includes a lower cross bar 80A and sleeve 82 includes a 
lower cross bar 82A so that when the sleeves are assembled, the cross bars 82A and 
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80A serve as upper and lower stops, respectively, for a float or ball 84. In Figure 7, 
the ball 84 is shown in phantom in both its up and down positions. When the sleeves 
are assembled with the flats in engagement, the cross bars 80A and 82A are parallel to 
each other. 

After the device has been primed, i.e. the irrigation tubing 26 is filled 
with irrigating liquid, if the irrigation valve 29 is not pressed, the ball 84 will float 
within the cage formed by the sleeves with its upper movement limited by the cross 
bar 82A. When the irrigation valve 29 is depressed, Uquid flow starts under the 
influence of gravity which drives the ball 84 downwardly into engagement with the 
lower cross bar 80A. It is this movement of Ihe ball which is detected and used to 
start the motor. 

In the preferred embodiment, a photodetector comprising an infixed 
(IR) light emitting diode (LED) 86 and phototransistor 88 are retained within a cradle 
90 which is mounted on the printed circuit board 53. The PCB is secured to the 
bottom of the deck 35 by screws 93 (Fig. 2). Deck 35 includes flanges 94 which 
support the printed circuit board 53 and the cradle 90. The printed circuit board 53 
contains the circuitry for actuating the Ught source, sensing the movement of the ball, 
and closing the circuit to the motor 34 as explained below with reference to Fig. 11. 
Since the movement of the ball is sensed optically, the material of sleeve 80 must be 
transparent to the optical energy which, in the preferred embodiment, is infrared. The 
ball is opaque to the optical energy and, as shown in Fig. 7, when it floats, i.e., when 
it is in the *up* position, it blocks the passage of light from IR LED 86 to the 
phototransistor 88. When the ball moves under the influence of gravity to the down 
position, the optical path between LED 86 and phototransistor 88 is open. 

Fig. 1 1 illustrates in block diagram form one embodiment of the 
circuitry for driving the infrared LED 86, for sensing the down position of the ball 84, 
and for driving the motor 34. Voltages and frequencies referred to below are for 
purposes of raplanation only. Obviously, many different optical sensing devices can 
be used to sense movement of the ball. 
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When the battery isolator switch 62 is turned on, twelve volts are 
applied to a voltage regulator 100 which produces a regulated voltage of 5.1 volts, for 
example. The voltage output from voltage regulator 100 is connected to a clock 
generator 102 which produces on its output a 4.5 Khz square wave. The output of the 
clock generator 102 is fed to an IR LED driver 104 which produces the pulses which 
drive the infrared LED 86. Driver 104 is powered by the 12 volt battery supply. 

If the ball is in the up position, the optical path between the IR LED 86 
and photosensor 88 is blocked and there is no signal. If, however, the ball is in the 
down position, the IR sensor 88 receives a pulsed optical signal from LED 86 which 
is coiq)led to an IR receiver/ampUfier 106. AmpUfier 106 is also powered by the 5,1 
volt output from regulator 100. The output from amplifier 106 and clock generator 
102 are fed to a synchronous integrating detector 108 which compares the data signal 
from the phototransistor 88 with the clock signal and produces an output when they 
are similar for a predetermined time duration. A static data signal will not cause a 
data output from detector 108 but a valid output will be gen^ated even if random 
noise appears on the signal from the phototransistor 88. The detector 108 compares 
alternating phases of the clock signal and the data signal and produces an output only 
(a) when both signals are high, and (b) when both signals are low. The detector also 
introduces a time delay so that the motor is turned on a predetOTnined time after the 
irrigation valve 29 is opened (e.g. 10 ms), and the motor is turned off a predetermined 
time after the valve is closed (e.g. 1 5 ms). The detector output is coupled to a pump 
motor driver which starts (or stops) the motor. 

The operation of the system is as follows. After the pumping unit 10 
has been secured to the IV pole and the spike 18 inserted into the irrigation bag 12, 
the tubing 26 to the handpiece is mostly filled with air. The flow sensor ball 84 is in 
the down position and the battery isolating switch 62 is off. 

To prime the system, the irrigation valve 29 is pressed, opening the 
valve and pmnitting irrigation Uquid to flow from the irrigation bag 12 through 
tubing 26 and handpiece 14 by gravity. When the fluid path is filled with liquid, the 
irrigation valve 29 is released closing the valve. The sensor ball 84 then floats to the 
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up position and the battery isolator switch 62 can be turned on. The motor 34 will 
remain off because the ball 84 is in the up position. The system is primed and ready 
for operation. When the irrigation valve 29 is depressed, liquid flows causing the ball 
84 to move to the down position to turn on the motor as described. 

The system can also be primed by using the pump. To do this, the 
irrigation valve 29 is opened and the switch 62 turned on. Because the ball is in the 
down position, the motor 34 will turn on and fill the flmd path. When the fluid path is 
filled with liquid, closing the irrigation valve will cause the flow sensor ball 84 to 

• float to the up position. 

In the embodiment shown in Figures 1-11, irrigant can flow from the 
pump throu^ the spike 18 into the irrigation bag 12 when the irrigation valve 29 is 
closed. This can lead to a slight delay between the time the irrigation valve 29 is 
depressed and the time the powered irrigant stream reaches the surgical site. Figures 
12-15 illustrate a valve construction which can be employed in a prefeixed 
embodiment of the invention to maintain pressure within the pxunping system above 
atmospheric pressure when the irrigation valve 29 is closed or when the flow of 
irrigant is stopped for any reason. 

As shown in Figures 12-15, a one-way valve 1 12 is placed in inlet line 
13 immediately beneath the spike 18. As explained below, valve 112 prevents liquid 
to flow from irrigation bag 12 to pumping unit 10 but does not permit backflow of the 
irrigant when the pump is turned off. Thus, when irrigation valve 29 is released (i.e. 
the valve is closed), the Uquid within the pump system (between one-way valve 1 12 
and irrigation valve 29) is maintained at a pressure above the pressure in the irrigation 
system caused by the Uquid head. Thus, when irrigation valve 29 is depressed, the 
release of the stored energy moves the float 84 rapidly causing the pmnp to start 
operation almost immediately. 

Another benefit of the one-way valve 1 12 is to prevent air bubbles 

* 

wifliin the system from affecting operation. Without the valve, as the pressure in fee 
system tends to equilibrate when fee irrigation valve 29 is released, air bubbles within 
fee system will float upwardly toward fee irrigation bag. As feese bubbles pass fee IR 
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sensor 86, 88 (Fig. 7), they can unintentionally activate the motor. This is undesirable 
for a number of reasons. First, the surgeon expects the motor to turn off when the 
irrigation valve is not depressed. Secondly, the needless operation of the pump causes 
noise and can lead to overheating of the motor and unnecessary depletion of battery 
life. With one-way valve 1 12 in the inlet line 13, when irrigation valve 29 is released, 
any air bubbles in the system are locked within the pressurized system; therefore, they 
are not subject to movement which would cause the motor to tum on. 

The construction of a preferred one-way valve 121 is shown in Figures 
13-15. The valve includes an exterior cylindrical housing 120 which is attached to the 
spike 1 8 at its upper end and to the inlet tube 1 3 at its lower end. A cylindrical 
internal seat 122 is fixed in the upper portion of housing 120 and includes a conical 
surface 124 which flares outwardly at its bottom and serves as a seat for a valve body 
126. 

Valve body 126, as shown in Figure 14, includes a generally 
cylindrical base 128 which is flared at its lower end so that a sealing O-ring 130 can 
be held on the base. A cross piece 132 extends upwardly from base 128 and includes 
two outwardly extending retaining lips 134. As shown in Figure 15, the width of the 
cross piece 132 is less than the diameter of the spike conduit 136. A coil spring 138 is 
compressed between the under surfaces of the retaining lips 134 and the upper surface 
of an internal rim 140 from which the conical seating surface 124 extends. Spring 
138 urges the valve body 126 toward the spike 18 which biases Oring 130 against the 
seating surface 124 to close the valve. 

When the irrigation valve 29 is closed, the valve body 126 is in the 
position shown in Figure 13, i.e. valve 112 is closed. When the surgeon depresses 
valve 29, water starts to flow through spike 1 8 and conduit 136 due to gravity. The 
force applied by the water against the valve body 126 is greater than the retaining 
force applied by spring 138, causing the valve body to move downwardly to the 
position shown in Figure 1 3 A m which the irrigant flows past the O-ring 130 to the 
inlet tube 13. When irrigation valve 29 is released (i.e. closed), spring 138 returns the 
valve body to the position shown in Figure 13 which closes the valve and prevents 
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liquid from flowing upwardly through spike 18 into irrigation bag 12. This places the 
liquid in the pumping system under pressure. As a result, the motor is turned on 
almost inmiediately after valve 29 is depressed and the presence of air bubbles does 
not affect system operation. 

Moreover, the pump can be used for endoscopic procedures where 
body cavities are distended (e.g. arthroscopy and hysteroscopy) because backflow of 
krigant is prevented by the one-way valve when outflow from the cavity is stopped. 
This keeps the pressure in the system above the pressure due to the liquid head to 

maintain distension. 

Numerous modifications of the invention are possible. Instead of IR 
energy, other optical frequencies can be used. In the embodiment shown in Figs. 1- 
20, the optical beam is blocked when the ball is floating and unblocked when flow 
starts. As described below, the device may work in the opposite fashion, i.e. by 
blocking the optical path when flow starts (i.e. the ball is down). The basic principles 
of the invention do not depend on the type of photo detection employed. 

Figures 16-18 illustrate a flow-sensing device in accordance with a 
second embodiment of the invention. Referring to those drawings, the bottom and top 
sleeves 80 and 82 of the first embodiment (Fig. 7) are replaced by a tubular member 
150 and a lower sleeve 152 which retains the pump outlet tube 26. Tubular member 
150 includes an enlarged diameter section or chamber 152 ia which an opaque 
float/shutter 154 can move in response to Uquid flow. The shutter 154 includes four 
fins 156 and an upper dome 158. The upper dome occludes the flow channel through 
tubular member 150 when the shutter is in its uppermost position as shown in 
phantom lines. The finned construction permits liquid flow when the shutter is driven 
to its lowermost position in which it abuts the upper end of sleeve 152. 

Tubular member 150 may be made of polycarbonate or any other 
material transparent to optical energy which, in this embodiment, is also infrared. The 
infrared transmitter and receiver may be the same as illustrated in Figures 5-7. In this 
embodiment, however, when shutter 154 floats in its uppermost position, i.e. when no 
liquid is flowing through tubular member 150, the infrared beam passes from the 
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transmitter through the transparent member 1 50 to the infrared receiver. When 
handpiece valve 29 is depressed and flow starts, the shutter is pushed downwardly to 
the position shown in solid lines in Figure 18 where it interrupts the infrared light 
beam. The interruption of the beam is sensed by the circuit in the printed circuit 
board (see Figs. 2 and 5) which then closes the energizing circuit to the motor. 

In the illustrated embodiment, a surgical irrigator is used in 
conjunction with a handpiece of the type customarily used for laparoscopic surgery. 
As indicated above, the invention is also useful in other types of endoscopic 
procedures such as arthroscopy and hysteroscopy. As used herein, the term 
"handpiece" is intended to encompass handpieces of the type use for laparoscopic 
surgery as well as cannulas of the type used in arthroscopic and hysteroscopic surgery. 
The term irrigation valve is intended to include any device which starts and stops 
Uquid flow to a surgical site. 
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In the Claims : 

1 . A surgical irrigator csomprising in combination, a pumping unit having 
an inlet and an outlet, and outlet tubing connected to the outlet of said pumping imit, 
said pumping unit including an impeller and an electrically powered motor for driving 
the impeller, the improvement comprising an optical flow sensor for sensing liquid 
flow through said pumping unit, and means responsive to said optical flow sensor for 
turning said motor on to. drive said impeller. 

2. A surgical irrigator according to claim 1, wherein said optical flow 
sensor includes a float having a first position when the irrigation valve is closed and a 
second position when the irrigation valve is open. 

3. A surgical irrigator accordrag to claim 2, wherein said optical flow 
sensor includes a hght source and a photosensor responsive to light from said light 
source, said float blocking the light path between the light source and photosensor in 
one of said positions. 

4. A surgical irrigator according to claim 3, wherein said means for 
turning said motor on includes a detector responsive to said photosensor for 
connecting said motor to a source of electrical energy. 

5. A surgical irrigator according to claim 1, further including a one-way 
valve for preventing liquid flow from the outlet of said pump to the inlet of said 
pump. 

6. A surgical irrigator according to claim 5, wherein said one-way valve 
is coimected between said inlet and a source of irrigation fluid. 

7. A surgical irrigator comprising in combination, a pumping unit having 
an outlet, a handpiece, and tubing connecting the outlet of said pumping unit to said 



wo 02/24253 



PCT/USO 1/42237 



-15- 

handpiece, said handpiece including an irrigation valve, said pumping unit including 
an impeller, batteries, and a battery powered motor for driving the impeller, and an 
optical flow sensor for sensing liquid flow through said tubing when said irrigation 
valve is open, means responsive to said optical sensor for turning said motor on to 
drive said impeller, and a manually operable switch for selectively connecting the 
batteries in a circuit with the motor, 

8. A surgical irrigator according to claim 5, wherein said optical flow 
sensor includes a float having a first position when the irrigation valve is closed and a 
second position when the irrigation valve is open. 

9. A surgical irrigator according to claim 6, wherein said optical flow 
sensor includes a light source and a photosensor responsive to light from said light 
source, said float blocking the light path between the light sovirce and photosensor in 
one of said positions. 

• 1 0. A surgical irrigator according to claim 7, wherein said means for 
turning said motor on includes a detector responsive to said photosensor for 
connecting said motor to said batteries when said manually operable switch connects 
said batteries in circuit with said motor. 

11. A surgical irrigator according to claim 7, wherein said impeller, 
batteries and battery powered motor are located in a housing having a deck which 
separates the impeller from the batteries and motor, and a printed circuit board 
attached to the deck in the same compartment as the batteries and motor, said light 
source, photosensor and means for turning said motor on being attached to said 
printed circuit board. 

12. A surgical irrigator according to claim 7, wherein said pumping unit 
includes upper and lower contacts for engaging the terminals of said batteries, and 
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wherein said manually operable switch moves one of the batteries out of electrical 
contact with one of its associated contacts. 

• ^ _ 

13. A surgical irrigator according to claim 12, wherein said manually 
operable switch includes a rotatable arm and camming means responsive to rotation of 
said arm for moving said one battery. 

14. A surgical irrigator according to claim 7, further including a one-way 
valve for preventing liquid flow from the outlet of said pump to the inlet of said 
pump. 

15. A surgical irrigator according to claim 14, wherein said one-way valve 
is connected between said inlet and a source of irrigation fluid. 

16. A surgical irrigator comprising in combination, a pumping unit having 
an inlet and an outlet, outlet tubing coimected to the outlet of said pumping unit, and a 
valve for initiating liquid flow through the pumping unit, said pumping unit including 
an impeller and an electrically powered motor for driving the impeller, the 
improvement comprising a flow sensor for sensing Uquid flow through said pumping 
imit when said valve is open, means responsive to said flow sensor for turning said 
motor on to drive said impeller, and a one-way valve for preventing liquid flow from 
the outlet of said pump to the inlet of said pump. 

17. A surgical irrigator according to claim 16, wherein said flow sensor 
includes a float having a first position when the valve is closed and a second position 
when the valve is open. 

18. A surgical irrigator according to claim 17, wherein said flow sensor 
includes a light source and a photosensor responsive to light from said light source. 
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said float blocking the light path between the light source and photosensor in one of 
said positions. 

19. A surgical irrigator according to claim 1 8, wherein said means for 
turning said motor on includes a detector responsive to said photosensor for 
connecting said motor to a source of electrical energy. 

20. A surgical irrigator according to claim 16, wherein said one-way valve 
is connected between said inlet and a source of irrigation liquid. 

21. A surgical irrigator, comprising a pumping unit having an inlet and an 
outlet, and tubing connected to the outlet of said pumping unit, said pumping unit 
including means for supporting the pumping unit on a pole or the like, a flexible tube 
connecting at one end to said inlet, and a spike connected to the other end of said 
flexible tube for connecting said inlet to an irrigation bag, said spike being coated 
with a lubricant. 

22. A surgical irrigator according to claim 21, wherein said lubricant 
comprises siUcone. 

23. A surgical irrigator according to claim 21, further including a 
handpiece cotmected to said tubing. 
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